The work embodied in this report was aimed, in conjunction with shore work, at determining the causes of the poverty of the marine fauna and flora in the Cardiff area. The plankton observations were made at a station which was visited 36 times between September 6 1936 and August 25 1937, with an unavoidable absence of visits in October. In addition some results obtained in September 1937 are used.
In so far as the area can be considered as estuarine, this work serves to fill a gap in annual quantitative data for British estuaries. Meek (1923a) has dealt with some isolated tow-nettings from the Tyne estuary and, later, Jorgensen (1929) made a more intensive investigation in the same estuary, but did not begin observations until May, thus missing the winter and spring conditions. The Tees survey (Alexander, Southgate & Bassindale, 1935) included counts of Eurytemora, marine copepods and Coscinodiscus, but variations throughout the year are not noted. Wells (1938) total drift is 9-66 nautical miles, giving a difference of approximately 6 milesWith speeds of I and 2 knots the difference is 'about 4 miles. Since observations were made at the station at various phases of the tide, the records on different occasions refer, in reality, not to one point, but to a series of points along a length of channel of the order of about 4 miles. On any occasion, the particular point investigated can be defined in relation to the points on other occasions by the height of the tide, i.e. the higher the tide the farther downchannel is the point from which water has come to form a high tide at the station. Having recognized this meaning of height of tide, it becomes clear that a factor which has a direct correlation with the height of the tide must have an increasing value from up-channel to down-channel, and a factor with an inverse correlation must have a decreasing value. These remarks should render what followsmore readily explicable. ' A number of soundings at the station gave an average depth of about 13m.
THE PHYSICAL AND CHEMICAL FACTORS
Coincident with the tow-nettings, water samples were taken at the station, transferred in pressure bottles to the laboratory, and analysed within 2 or 3 hr. of collecting. Table I gives the average values of some factors for each month for the surface water at high tide.
Salinity. The salinity was determined by titration with silver nitrate. The average salinity values (Table I) show a steady decrease from September to a minimum in February, followed by a steady rise, except for a slight deviation in May, up to August. This change in salinity demon~trates the effect of the fresh water coming down from the rivers, an effect which must be cumulative and persistent over a period of time.
The minimum value of 19'8 %0 was obtained on January 25, and the maximum of 28'0%0 on August 25. Fig. 2 shows the changes in value throughout the year. This curve, compared with the curve for the height of tide, shows a well-marked direct correlation between the two factors. That such a correlation exists implies that the bulk of fresh water entering the channel is slow, as well as cumulative, in effect, otherwise variations in rainfall between two successive samples would disturb the correlation. ,x "'..... r ''''';''*-''''''''~'/'''>'''''~''''''''''/''''''''~'''''' r"~""""",/,,,,,\ ,. ..,>...... Water samples were taken on several occasions at various depths from the surface to the bottom by means of the Matthew's Fishery Water Bottle.* Except for one occasion there was no gradient in salinity. The exception was on July 27 (Table II) , but this stratification was probably the result of the very heavy rain that fell over a wide area on July IS. A comparison of the weekly rainfall at Ross-on-Wye (Meteorological OfficeReport, Weekly Weather Records) with the changes in salinity suggests that the rainfall in the Wye and Severn catchment areas is effective at the station some 10-14 days after the fall. Temperature. The temperature readings are correct to 0'10 C. The determined annual range was from 5'20 C. on March 10 to 19'30 C. on August 13. Diurnal variations were small. Table II gives the variation with time and state of tide on July 27. Since this day was colder than the average for the month this range is probably greater than normal.
pH. The pH was determined by McClendon's (1917) method with cresol red as indicator.
Since it was found too inconvenient to evaluate the pH of the sample immediately, the delay of at least I hr. may have caused a change in the value. In addition to this, the salinity varied substantially from time to time, so that readings were made and corrected to an accuracy of pH 0'05 only.
The values ranged from pH 8'1, which is comparable to normal sea water, to pH 7'80. Table I makes it clear that the pH change did not follow the salinity change, although the maximum and minimum average values of both occurred in the same month. The change from time to time, as shown in Fig. 2 , was erratic, and, unlike the other three factors in this figure, bears no relation to the height of the tide. It is, however, possible that this lack of correlation, over short periods of time, is due to the degree of accuracy being insufficiently fine.
Phosphates. The phosphates were estimated by Atkins' (1923) modification of Deniges' method and the values calculated to milligrams ofP20s per cu. m. Table I shows that the phosphate values were high up to February, dropped suddenly to 33 mg. in March, and remained about this level until the end of the period. Some of the phosphate that enters the channel as sewage may be precipitated as ferric phosphate. The mud at low water between the Rhymney and Newport contains 4-5 %of iron in its dry weight. The determined range was from 9°mg. per cu. m. on November 3 to 12 mg. on June 3. Fig. 2 shows the changes throughout the year and further shows that these changes have an inverse correlation with the height of the tide. At the beginning of the period the inverse correlation is not good, but this is probably due to the greater intervals between successive samples during this period. From February onwards the inverse correlation is good, the biggest deviation being the lowest value of 12 mg. on June 3.
The values given in Table III for the change of phosphate value with the state of the tide on July 27 show that there was a higher concentration of phosphate at low water than at high water. Dissolved Oxygen. The oxygen content was determined by Winkler's titration method, and the values for percentage oxygen saturation calculated from Fox's (19°7) tables. The precaution advised by Alsterburg (1926) of not permitting the sample, after adding the Winkler's reagents, to stand for more than 15 min. before acidifying, was adopted. This precaution minimizes possible errors due to organic matter and ferric ions.
The determined range for high water was from 5'26 c. must be regarded as exceptional, since the oxygen saturation value was over 9°% in 35 out of 38 samples taken at high water. This implies that the oxygen saturation is more a function of temperature and salinity than of any other factors. In Fig. 2 the changes in percentage oxygen saturation are shown, and, though by no means well marked, there is an apparent inverse correlation with the height of tide. Table III shows that on July 27 the oxygen saturation was less at low water than at high water, and other samples taken at low water have a lower oxygen saturation than is general for high-water samples.
Opacity. The amount of suspended matter was considerable. A Secchi's disk of 9 in. diameter became invisible at depths of little more than 0'5 m. at high water. This is approximately the same as in the Tees estuary (Alexander et al. 1935) at the same salinity. However, the value of 0'5 m. is a generous one, since the readings were made at slack water on calm days. As a result of the gradual deposition of silt under such conditions the water becomes clearer. With the beginning of the tidal stream the silt is again stirred up, and a swell, even at slack water, prevents deposition. The water is more opaque at low water than at high water and,' as on July 27, a pronounced change in opacity may occur about mid-water flood.
Note must be made of the substantial quantities of coal dust present, as indicated in the tow-nettings. Usually its presence was more clearly marked in the deep hauls, but it was occasionally found in the surface hauls. This depended on the state of the water. THE BACTERIA From February to August 1937 nine samples of sea water were taken at the station, and the bacteria investigated to a limited extent. All the samples were taken at high water. The procedure adopted was, as nearly as possible under the conditions of working, that recommended by the Ministry of Health (1936) .
The examinations made were: (a) Agar count at 20°C. (room temperature), Table IV .
Owing to the spreading over of the plates by sporing organisms, the counts of colonies developing at 37°C. (Table V) are generally minimum. A number of the incubated plates were rendered useless and were discarded. As, frequently, the whole batch of plates was affected, counts were made of the better plates as long' after 24 hr. and as near to 48 hr. as possible. The counts on July 7 and August 25 were of good plates incubated for the full 48 hr., and it is seen that these give quite the highest numbers of the series. The coli-aerogenes counts (Table VI) were obtained by inoculating the sea water and dilutions of it, made by adding the sample to sterilized tap water, into tubes of MacConkey broth. The tubes were incubated for I or 2 days, and, from the number of tubes giving, a positive reaction for acid and gas, the probable number of coli-aerogenes colonies in the initial sample was obtained by reference to McGrady's tables (see Ministry of Health, 1936) . The numbers obtained were so high that it was considered unnecessary to distinguish between Bact. coli and Bact. aerogenes, especially as there are several intermediate types.
TABLEVI. COLONIES DEVELOPING IN MACCONKEY BROTH
The counts given in Tables V and VI, particularly in the latter, indicate a measure of sewage pollution.
Comparative results are given by Meek (1923 b) for the Tyne estuary. On agar incubated at 37°C. 1000 colonies per C.c. were recorded for March, increasing to 2400 in May. Bact. coli remained constant at about 100 per C.c. throughout. These numbers are very much higher than those for the plankton station. Lloyd (1930) , on the other hand, found lowecnumbers of colonies developing at room temperature in the surface water in the Clyde Sea area, even in the heavily polluted Greenock and Cumbrae Deep areas. However, in making strict comparison between the three sets of results, the influence of differences of technique on the numbers obtained has to be kept in mind. In this connexion the recent work of Dianova & Voroshilova (1935) on the salt composition of the medium and the specificity of marine bacteria is important.
THE PLANKTON
All the tow-nettings were made with a conical tow-net with a mouth 0'5 m. in diameter and silk of 100 meshes to the inch. The net was towed horizontally for 20 min. at the surface, and at times for 10 min. at a depth of 2-4 m. from the bottom. Particular attention was paid to the surface hauls which were fully analysed quantitatively, but, owing to the greater ar:nount of detritus, the deep hauls could not be treated in such detail. The method of counting was rigorously standardized from the beginning, counts being made in a subsample on a ruled slide. The subsample consisted of 0'5 C.c. and was removed while the plankton sample was being shaken. At least two counts were made. If the difference in the two counts was more than 10 %further counts were made until two counts gave such consistency; usually, however, two counts were sufficient. Table VII gives the distribution of the tow-nettings for each month. A few of these were taken at night, but, as there was no perceptible difference between night and.day hauls, they are not specifically noted. Table XII gives a list of the species .identified and the average numbers in the high-water surface counts for each month, except when otherwise noted. This list is not complete, some species present in very small numbers being omitted. Only numbers of 1000 or more for diatoms, and 500 or more for copepods and larval forms, are considered significant, and other numbers are not shown except when the maximum number obtained is given as an indication of frequency and seasonal distribution.
, Diatoms
Twenty-four species of diatoms (Table XII) have been identified and all these, except the estuarine species Nitzschia sigma W.Sm.,* are typically marine. The bulk of the diatoms collected consisted of Biddulphia sinensisGrev., Rhizosolenia setigera Brightw., Biddulphia regia M. -Schultze and Bacillaria paradoxa Gmel. Next in importance came Streptotheca thamensis Shrubs., but even though increasing to the end of the period, it was throughout overshadowed by the numbers of the four main diatoms. Centrifuged samples indicated that Skeletonema costatum (Greville) and small Coscinodiscusspecies were the most frequent diatoms in the summer and not the diatoms caught by the tow-net. This is to be expected from the collecting method used, and it is to be understood that the present account of the diatoms in this area is virtually reduced to a consideration of four species only.
The average total diatom counts for each month are given in Table VIII and Fig. 3 . From these it is apparent that the maximum number occurred in November, and the minimum in April. These numbers are, however, not particularly instructive. From the middle of November onwards Biddulphia sinensis gradually aecreased in numbers and yet it made up more than 50 % * I am indebted to Dr M. V. Lebour for confirming this identification.
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of the samples until the beginning of May. This decline, therefore, obscures the changes in numbers of the other diatoms. Table VIII and Fig. 4 give the average numbers of all diatoms counted, with the exception of B. sinensis. These showed a minimum in December with a steady rise to the highest number in August. The steadiness of this rise is noteworthy. Except between January and February the diatom numbers are not doubled from one month to the next. By comparing the two numbers for each month in Table VIII different periods Biddulphia sinensis and B. regia agree in being inversely correlated, and Rhizosolenia and Bacillaria agree in being directly correlated with the height of the tide. In Fig. 6 this distinction is recognized. Here are given the changes in the actual numbers obtained of Biddulphia sinensis plus B. regia, and the changes in the numbers of the remaining qiatoms. In the first of these there is a clear inverse relation with the height of the tide and in the latter a direct relation. The correlations are by no means exact, but since we are dealing with numbers in which enormous variation may occur, owing to the quantitative method used, such a result is to be expected. There is no persistent correlation between the height of the tide and the total number of diatoms, and these correlations become apparent only when a distinction is made between the diatoms according to the information in Fig. 5 .
On July 27 five tow-nettings were taken from one high water to the next. Table IX gives the percentage composition of the diatoms in each townetting. These values are plotted in Fig. 7 and show that the composition varied considerably between high water and low water. At high water Rhizosolenia was dominant and at low water Biddulphia regia made up the bulk of the catch. The values for Bacillaria and Biddulphia sinensis indicate also, in so far as one can accept changes within this range of values, that Bacillaria decreased and Biddulphia sinensis increased in percentage values at low tide. Care is required in considering these, since the values at high water were conditioned by Rhizosolenia and at low water by Biddulphia regia. The diatom numbers in each haul are relative only to one another. In order to obtain numbers which could be compared with those from other areas,
water samples of 20 c.c. were centrifuged at intervals from the end of April to July and the diatom chains counted. Owing to the considerable quantities of silt there was a limit to the volume of water that could be centrifuged, and, even so, the counts obtained are minimum owing to the masking effect of the deposited silt. The counts were so low, however, that errors are unimportant. The counts varied from 72 diatom chains per 20 c.c. on June 3 to 22 on May 13. Fig. 8 shows an inverse relation between the numbers and the height of the tide. Samples in November gave counts of under 10 diatom chains per 20 c.c. and sometimes there were no diatoms present. 
Copepods
Only eight species of pelagic copepods (Table XII) are recorded from the station, and, of these, five species alone were present in significant numbers. These were, in order of importance, Eurytemora affinis (Poppe), Acartia bifilosa (Giesbrecht), Euterpina acutifrons (Dana), and, of much lesser significance, Oithona nana Giesbrecht and Centropages hamatus (Lilljeborg). The other species were present sporadically and in small numbers. Fig. 9 presents the seasonal distribution in the numbers of the three main species.
Eurytemora affinis was the most interesting copepod obtained. Variations in numbers from time to time were sufficiently great to represent changes in actual density at the station, rather than changes due to unequal or inefficient sampling by the tow-net. I have followed Gurney (1931) in not separating the form E. hirurlfloidesfrom E. affinis. As yet the copepodid stages and adults have not been analysed, and the numbers refer to the total Eurytemora irrespective of stage.
While a varying number of specimens were obtained outside this period, Eurytemora reached significant numbers, i.e. 500 or over, between November 3 and June 8. The highest average for any month occurred in April (Fig. 9 with over 28,000, and this was closely followed in May with nearly 27,000. The highest number obtained at the surface was 59,000 on May 21, and it is this number which makes the average for May high, since on May 27 a sudden decrease in numbers was obtained ( In Fig. 10 the numbers of Eurytemora obtained at the surface are plotted against the height of the tide. Allowing for the sudden drop in numbers on May 27, there appears to be a direct correlation, with a single exception in the coincidence of the form of the curves on April 17. In this figure, also, is plotted the numbers of diatoms caught in the period, and there is, here, an inverse relation between surface Eurytemora and diatoms. This is to be expected, since, during this period, Biddulphia sinensis made up more than 50 % of the diatoms collected and the diatom curve will tend to follow the B. sinensis curve, i.e. inverse with the height of the tide. 
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Over a short period quantitative data for Eurytemora are available from deep hauls. The numbers obtained were higher than at the surface. On March 6, for example, over a quarter of a million Were obtained in 10 min. towing. Since the duration of the bottom hauls was half that of the surface hauls the numbers are here doubled. The total numbers of Eurytemora obtained from the surface and the bottom, when both records are available, are plotted in Fig. II . In contrast to Fig. 10 there is an inverse correlation with the height of the tide. The surface Eurytemora, expressed as percentages of the total Eurytemora obtained, are also plotted in this figure, and their direct correlation with the height of the tide is well marked.
Acartia bifilosa. This species was present in significant numbers up to November 20 and from May 3 to the end of the survey. Table X shows that, at about the time of the rapid decline in numbers of Eurytemora, there was a rapid increase in the numbers of Acartia, and also that, during this period, the numbers were inversely correlated with the height of the tide. On no occasion after June 8 were more than 10,000 Acartia obtained, so that variation in numbers may well have been due to unequal sampling.
Euterpina acutifrons agreed closely with Acartia in time distribution, and was significantly present up to November 27 and from May 27 to the end of the survey. In this species, the rise in numbers to the maximum of 20,000 on August 25 was gradual. Oithona nana was present in significant numbers from September 6 to December 21. Except for a few specimens at the end of the period of survey it did not reappear.
Centropages hamatus was present in significant numbers only in September, though a few specimens were present at the end of the survey. Table XI gives the percentage distribution of the copepods with the state of the tide on two separate occasions. We see here that Eurytemora was quite unimportant at high water, but was the dominant form at low water. Euterpina was the most frequent copepod at high water, while Acartia appears to maintain an even percentage value, but it must be realized that its value at OF BRISTOL CHANNEL 415 high tide is determined by Euterpina and at low water by Eurytemora. Oithona , was present at one high tide only.
The list ofharpacticids (Table XII) is not unusual for estuaries or turbulent water. Tisbefurcata (Baird) was interesting in that a number of the specimens carried the suctorian OphryodendrontrinacriumGruber.
Other Organisms
The remaining species and larval forms identified are of little interest. As with the diatoms and the copepods, there is a distinct poverty in the number of species. A considerable number of the species listed in Table XII cannot be considered pelagic, and are present in the tow-nettings, as commonly in other estuaries, owing to the turbulence of the water.
As regards the larger Crustacea, the numbers give little indication of their frequency since the tow-net used was too fine to catch good samples of, for example, the mysids. The largest number of mysids taken was 75 at the surface at low water. Usually there were more mysids and amphipods in the deep hauls, but there was no marked difference between day and night hauls.
Of the larval forms, cirripede nauplii were present in greatest numbers, with a maximum in April. The numbers for the polychaete larvae are shown as those of Nerine, Autolytus and general polychaete larvae. This latter group, during the summer and autumn, consisted mainly of the larvae of Sabellaria alveolata Linn. (Wilson, 1929) which is common along the shore and is probably present on the bottom under the plankton station.
Both Podon polyphemoides and ascidian tadpoles appeared suddenly on June 18 and had virtually disappeared by June 24. DISCUSSION It has already been explained (p. 398) that, because of the varying speeds of the tidal stream, the observations made at the station are referable to a series of points along a length. of the channel, and that the points can be related to one another by the height of the tide, i.e. the highest spring tide refers to the farthest point concerned down-channel and the lowest neap tide to the nearest point down-channel, and so on. Therefore the vertical measure of the height of the tide can be used as a horizontal measure of a length of channel. This length will be referred to as the investigated length. Since the higher the tide the farther down-channel is the point involved in investigation, the direct correlation between the salinity and height of tide (Fig. 2) means that there was a gradient of increasing salinity from up-channel to down-channel. Qgite apart from this correlation, such a gradient is to be expected, and the existence of the correlation serves as a check on the distinction between observations at a single point and along a length of channel. It also shows that changes in values along the investigated length are sufficiently large to be easily observable. While normal variations in rainfall do not upset this correlation, it is possible, as Prof. Tattersall suggests, that the local influx of fresh water from the Taff and adjacent rivers causes a steeper gradient in the region of the station than farther out in the channel. If this is so the range of values at a station nearer mid-channel would not necessarily be greater than at the present station, in spite of the increase of the investigated length due to greater divergence in the speeds of the spring and neap tidal streams.
The inverse relation between the phosphate values and the height of the tide indicates a gradient of decreasing phosphate. This is further borne out in Table III which shows that phosphate values are higher at low water. Low water' observations refer, of course, to a point considerably farther upchannel than the investigated length. Table III shows, also, that the oxygen saturation was less at low water than at high water, yet Fig. 2 appears to indiCate, from the inverse correlation with the height of tide, that there was a decreasing oxygen saturation from up-channel to down-channel. These results are not necessarily inconsistent. Meek (I923b) found that the dissolved oxygen content in the Tyne estuary is almost entirely dependent on fresh water from upstream. The fresh water coming down from the Taff, Ely and Rhymney may be effective in the same way and cause a gradient in oxygen saturation from the point of entry of the fresh water. The water that forms a state of low water at the station is only for a short period under the influence of these rivers, and, with the flood tide, moves up-channel outside their range. In this position it may enter a region where the effect of contaminating products causes a lower saturation.
There are, undoubtedly, gradients of other factors which have not been determined, particularly opacity, and possibly contaminating products as suggested by the higher phosphate and lower oxygen saturation at low water. While it is not possible to define all the gradients individually, the values for the height of the tide summate the effects of the gradients as a whole.
The water within the investigated length cannot be regarded as distinct and isolated. It becomes mixed with, and replaced by, partially or ultimately completely, up-or down-channel water. This process is, in the last place, dependent on the fresh water flowing into the estuary and channel on the up-channel side. When the up-channel water is dominant there is a drop in salinity in the investigated length. With decreasing rainfall the effect of the up-channel water is lessened, and the down-channel water mixes with, and replaces, the water in the investigated length, thus increasing the salinity. The measure of the dominance of one or other body of water is given by the average monthly salinities (Table I) , and changes in values indicate that up-channel water entered the investigated length from September to February, and that down-channel water entered from February to the end of the period. Apparently this process had an annual cycle. The water that entered the investigated length from up-or down-channel brought in with it its own plankton, which mixed with the plankton already there, and gave to this mixed plankton a new environment. This process is referred to as the annual cyclical movement.
An outflow of less saline water along the surface of the channel, as in the Tees estuary (Alexander et al. 1935) , appeared to playa negligible part and occurred only under exceptional conditions. This is easily understandable since the bulk of fresh water enters the channel far above the investigated length, and the mixing processes, induced by the tidal streams, would cause any such layer to lose its identity before arriving at the investigated length.
The correlations in Fig. 5 show how the diatoms can be related to one another within the investigated length. The percentages of Biddulphia sinensis and B. regia in the samples agree in being inversely correlated, and the percentages of Rhizosolenia setigera and Bacillaria agree in being directly. correlated with the height of the tide. Two periods are distinguished. From February to May the correlations determine that Biddulphia sinensiswas more up-channel than Bacillaria, and from June to August that Biddulphia regia was more up-channel than Rhizosolenia setigera.
Biddulphia sinensis -+Bacillaria. Biddulphia regia -+Rhizosolenia.
Further, from the correlations in Fig. 6 it is clear that, in their respective periods, Biddulphia sinensis and B. regia were more frequent on the upchannel side, and Rhizosolenia and Bacillaria on the down-channel side.
Of the copepods only Eurytemora varies sufficiently along the investigated length to permit of analysis. Fig. 10 indicates, from the direct correlation, that the surface Eurytemora were more frequent down-channel than upchannel. This appears to be quite inconsistent with the known behaviour of Eurytemora in other areas (Percival, 1929) . When, however, the total Eurytemora obtained, both from surface hauls and deep hauls, are plotted against the height of the tide (Fig. II) an inverse correlation appears which shows that actually Eurytemora was a more up-channel form. The direct correlation between the height of the tide and the percentage of the total Eurytemora at the surface (Fig. II) shows that the farther down-channel the more evenly were the Eurytemora distributed from the surface to the bottom. On the up-channel side of the investigated length the large majority of the Eurytemora was at the bottom. It is this variation in vertical distribution along PLANKTON IN UPPER REACHES OF BRISTOL CHANNEL 419 the investigated length which explains the'difference in correlations between the surface Eurytemora, the total Eurytemora, and the height of the tide. From the plankton results the annual cyclical movement is illustrated best by the copepods. Since the changes in average monthly salinities measure the influx of up-or down-channel water, a comparison of Fig. 9 with the average salinities for the corresponding months (Table I) suggests that the copepod succession from up-channel to down-channel was
Eurytemora -+Acartia -+Euterpina.
This evidence is insufficient, since some factor, such as temperature, may determine the succession, but the composition values for July 27 (Table XI) do, however, substantiate the suggestion and allow the addition Euterpina -+Oithona.
Since Centropages hamatus followed Oithona in time, the succession can probably be further extended to
Oithona -+Centropages.
It is of inte.rest that, working at one place in the channel, a succession of copepods was obtained which illustrates part of the range from purely brackish water species to purely oceanic species (see Russell, 1936 , quoting Ostenfeld, 1931 .
Brackish water, e.g. Eurytemora affinis. Littoral, and brackish water, e.g. Acartia bifilosa. Neritic, low salinity, e.g. Oithona nana. Neritic, e.g. Centropages hamatus.
The data which have been presented indicate the importance of space, and an ideal figure representing the changes in the plankton should be three dimensional, with a consideration of the changes in relation to both time and space. Apart from the difficulties of constructing such a figure, the available data are not sufficient for such a construction. In Fig. 12 is shown a strictly diagrammatic attempt, without attention to scale, to give the arrangements of the four main diatoms. AB represents the investigated length of channel concerned from February to the end of April, with A on the up-channel side, and CD represents the length between June IS and the end of the period, with C on the up-channel side. The sections AB and CD depend on the relations shown in Fig. 5 and Fig. 6 .
If the change in the diatoms AB to CD was continuous, then some such arrangement as in BC seems possible. It is to be understood that the sections AB and CD are the assumed arrangements at any point instant of time, and are, therefore, purely spatial arrangements. They are synthesized from a number of observations. The spatial arrangement in the interval between the conditions in AB and CD cannot be determined from available observations, 420 COLIN B. REES and, since the hypothetical arrangement in BC represents a process of change, the time element cannot be neglected. It may be expected that AD represents the length of channel involved in the annual cyclical movement, thus making the arrangement in BC also spatial. If this was so, then it is clear Bacillaria should have been more up-channel than Biddulphia regia. Against the height of the tide in Fig. 13 are plotted the number of Biddulphia regia to one Bacillaria on each occasion from June 3 to the end of the survey. The inverse relation indicates that the farther up-channel, the more Biddulphia regia were there compared with Bacillaria. Therefore, Biddulphia regia, even in this period, was more up-channel than Bacillaria. This means that the decrease of Bacillaria was not due to a movement up-channel out of the investigated length, but an actual decrease independent of, at least directly, the annual cyclical movement. In this it agreed with Biddulphia sinensis, which decreased from November onwards, and was, therefore, also independent of the annual cyclical movement. It should be noticed that, provided the idea of the annual cyclical movement is true, the decrease in Bacillaria was more extensive than the figures indicate. Since it was during the whole period a down-channel form, Bacillaria should have increased in numbers with the inflow of down-channel water, in agreement with the extension of the gradient in numbers along the investigated length (Fig. 5) . That the decrease in Bacillaria cannot be considered as a change dependent on space does not deny the possibility that the annual cyclical movement was largely concerned in the change from AB to CD. The succession shown in. the copepods would be expected to have its counterpart in the diatoms. While it is recognized that the section BC is hypothetical, it is considered that the sudden increase of Rhizosolenia setigera on April 25 (FIg. 5) does not necessarily deny the possibility of a continuous change from AB to CD. Such sudden changes in numbers of some species occurred on occasions without corresponding changes in associated forms. Eurytemora decreased suddenly on May 27 and Acartia increased on May 21 (Table X) , Podon polyphemoides and ascidian larvae appeared suddenly on June 18, post-larval asteroids and ascidian larvae were found on September 26 (Table XII) and Rhizosolenia increased in numbers again on July 19 (Figs. 5, 6 ).
The consideration of the extent of phytoplankton production involves both a consideration of the actual density of the population and the variations in production throughout the year. On the first question the centrifuge counts (Fig. 8) clearly indicate a marked poverty. The maximum number of 72 chains per 20 c.c. may be compared with the frequent numbers of over 10,000 per 20 c.c. of Marshall & Orr (1927) and Steeman Nielsen (1935) .
The second question is complicated by the cyclical movement, and it is necessary to neglect space and consider chiefly time. In so far as the results from samples can be accepted, it appears from Table VIII and Fig. 4 that there was no spring maximum, and that, though there was an increase in numbers from January onwards, there was no sudden rise such as usually occurs in other areas. It is, of course, clear that, because of the annual cyclical movement, the amount of production cannot be deduced from such factors as the phosphate, as was done in general terms by Hardy (1935) and in detail by Harvey (1934b) .°T he major inhibiting factor on the phytoplankton production must be considered to be the instability of the water which is caused by the~idal streams. Since Gran's (1931) insistence on the importance of this factor, a considerable body of work has accumulated illustrating this. We may select as examples Steeman Nielsen (1935) and Hart (1934) . The action of this factor is to remove the diatoms away from the photosynthetic zone into a deeper zone, where photosynthesis cannot take place, thus giving the diatoms less time for effective assimilation. The results of Steeman Nielsen (1935) are particularly striking. He found, for example (p. 7°), that the spring increase occurred a month earlier in the stable Icelandic fjords than in the open coastal water, and production begins here only when the water is stabilized.
Owing to the shallowness of the Bristol Channel in the area concerned, instability in itself is not a sufficient explanation, since what is really effective is the ratio between the depth of the photosynthetic zone and the depth of swirling of the diatoms. Arising from the instability is the excessive quantity of silt and detritus in suspension, and it is this that makes the photosynthetic zone into a small layer and so increases the ratio. As it is the ratio which is effective, the conditions of production down-channel are not necessarily better than up-channel, in spite of the gradient of transparency, since farther down-channel the water is deeper. The gradient of decreasing phosphate must also be kept in mind.
The phytoplankton production is, therefore, largely controlled by the opacity, a factor which, in itself, has received much emphasis (Marshall & Orr, 1928; Pettersson, Hoglund & Landberg, 1934) , and the instability. These restrictions on production may be taken as approximately constant throughout the year. The nutritive salts, or, at least the phosphates and by implication the nitrates, were not limiting factors at any time, and, as far as the data go, light appears to be controlling within the limits imposed by the instability. An increase in the amount of light gave rise to an increase of photosynthesis, but, since the effectiveness .of the light was reduced by the instability, the increase in photosynthesis did not correspond in degree with the increase of light. The absence of a limiting effect by the nutritive salts permitted the increased photosynthesis, such as it was, to proceed through the summer months and so give a form of diatom numbers shown in Fig. 4 .
A contributory factor may be the salinity. Since the diatoms are typically marine, the lower the salinity the greater is the deviation of the environment from normal, but, while this may itself restrict production, the chief effect, probably, is to restrict the number of species and to debar species which might otherwise engage in a sudden increase. The suspended material may restrict certain species and this, possibly, partially accounts for the poverty in the number of species, particularly in the zooplankton. Ostenfeld (1931) maintains that the absence of several organisms in the eastern part of the English Channel and southernmost North Sea is due to this cause.
It would appear that the causes of the poverty of the fauna and flora in the plankton is due to the instability, with resulting siltiness, and the low salinity. The bacteriological examination of the water indicates sewage pollution, but, since the oxygen saturation is not appreciably lowered, it is unlikely that this pollution acts as an inhibitory factor. Sewage pollution may, in fact, favour plankton production. Valikangas (1926) has found that in the harbour of Helsingfors the greatest production of plankton takes place in the Bay of To16 where the greatest amount of sewage from the town of Helsingfors is poured out.
A note on the quantitative method may not be out of place. The poverty of the phytoplankton and the amount of suspended matter present considerable difficulties. Analyses of small samples of water, as in the centrifuge and sedimentation processes, would not give results of the type such as have been here presented, especially as the volume, small as the processes demand, is made smaller by the amount of silt that would be deposited. The silt introduces difficulties, also, in filtration of larger samples of water, since, even with a filter of 100 meshes to the inch, the volume of inanimate matter was usually greater, and often several times greater, than the volume of plankton, with resulting difficulties in the analysis of the samples. The use of a fine filter or phosphorbronze (Hentschel, 1936) would therefore defeat its own object, and towing with a very fine net would have a similar result. Possibly the only improvements on the method, as far as present methods go, would be the use of a meter (Harvey, 1934a) or a centrifugal pump (Gibbons & Fraser, 1937) .
It is recognized that the method resulted in a selection of the diatoms, missing out comparative samples of, for example, Skeletonema costatum, and collecting the larger diatoms. However, the majority of the diatoms listed in Table XII would have been caught at least as efficiently as Bacillaria and Rhizosolenia setigera, and an accumulation of these would have given an indication of a sudden rise in numbers had there been one. Gran (1932, p. 346) maintains that" The total sum of all species could not be used to measure the productivity of an area of the sea any better than the study of the growth and decrease of the dominant species". The present discussion on phytoplankton production depends upon this. 424 
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B. REES refer, not to a single point, but to a series of points along a length of the channel. Gradients of salinity, phosphate, and a possible complicated gradient of oxygen saturation, were determined, and, from the average monthly salinities, an annual cyclical movement of water deduced.
From February to June Biddulphia sinensis was a more up-channel form than Bacillaria paradoxa, and, from June to August Biddulphia regia was more up-channel than Rhizosolenia setigera. In this latter period Biddulphia regia was more up-channel than Bacillaria.
From being concentrated at the bottom on the up-channel side Eurytemora became more and more evenly distributed from the surface to the bottom on the down-channel side.
Owing to the annual cyclical movement, a succession of copepod species from up-channel to down-channel entered the investigated length.
The decrease in numbers of Biddulphia sinensis and Bacillaria was, directly, independent of the annual cyclical movement, but this movement may have been effective to some extent in transforming the diatom population.
The instability of the water and the opacity, which result from the tidal streams, are the major inhibiting factors on diatom production. Low salinity and excessive siltiness are possible contributory factors.
Phosphate was not, at any time, a limiting factor, and diatom production was, apparently, controlled by light within the limits imposed by the inhibiting factors.
The bacteria indicate some sewage pollution.
